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Canada and United States
Commissioners:
The Great Lakes Science Advisory Board, in
partiai fuifiilment of its responsibilities under
the Great Lakes Water Quality Agreement of 1978,
is submitting the foiiowing Annuai Report on the













































































































































































































































































































































capital intensive technologies were adopted.
















































































































































































































































































































































































































































































































The following reports have
been completed and are available:*
Phosphorus Management for the Great Lakes
- Final Report of the Phosphorus
 
Management Strategies Task Force, Windsor, Ontario, July 1980.
Health Effects of Non-NTA Detergent Builders
- Task Force on Human Health




Ecological Effects on Non-Phosphate Detergent Builders - Final Report on








Report of the Aquatic Ecosystem Objectives Committee to the Science
Advisory Board, Windsor, Ontario, November 1980.
1980 Annual
Report of the Committee on the Assessment of Human Health
Effects of Great Lakes Water Quality - Presented to the Great Lakes Water
Quality and the Great Lakes Science Advisory Board,
Windsor, Ontario,
November 1980.
*Available from the IJC Great Lakes Regional
Office,
100 Ouellette Avenue,
Windsor, Ontario, Canada N9A 6T3.
 

















































































































































































































































































































































 I The Hazardous Substances Issue
The Great Lakes basin ecosystem encompasses an area of nearly three—
quarters of a miTTion square kiTometres (three hundred thousand square
miies). It is inhabited by neariy forty miTTion people with a high per capita
use of technoiogy and energy. Aithough the basin is of reiativeiy recent
origin in terms of giaciation, plants and animais inhabiting the basin are the
product of severai biTiion years of ecoiogicai and biospheric history.
Over the past century — particulariy the past 40 years - synthetic
industriai chemicais have been produced in and imported into this ecosystem in
exponentiaiiy increasing amounts. Many of these chemicais are new to the

























in some cases have entered human food chains. Some of these substances may be
toxic.
Toxicity, a property of hazardous poTTuting substances, is the abiiity to
produce adverse effects in living organisms when they are exposed to the




















response of an organism. Therefore, the concerns about toxicity are strictiy
biologicai in origin.
The toxicity of a substance is not a discrete property but a reiative
 
one. High toxicity has meaning onTy when one substance is compared to
another. A11 eTements, chemicais, and mixtures of chemicais produce toxicity
at some exposure and time. To compare toxicities one must fix either the
amount of the toxicant or the period of exposure. For exampTe, both tabie
sait and arsenic are toxic. However, sait is considered less toxic than
arsenic because more is needed for a fixed exposure time or exposure over a


































































































































































































































































































































































































adverse impacts, or persistence.
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































and their laboratories are not designed and operated to produce large amounts
of routine data. Even if funds are forthcoming and a mechanism is created, a
long time will elapse before sufficient data will emerge. Decisions cannot
wait until these data are available.
Much expertise exists in federal, provincial, and state health and
environmental agencies. Undoubtedly there are also data held by these
agencies and the private sector, that have not been used or released. An
effort should be mounted immediately to consolidate such expertise and data in




















cooperative effort between both countries including all governmental levels
would be more complete and acceptable than if done individually. Such an
effort might also reduce the problem of different limits being established by
the various jurisdictions.




















effects appears to be more standardized for health evaluations than for
non-health related considerations. Therefore, there is a need for agreement




















































While necessary for regulation, the data per se are not an inherent part of
regulatory actions; and so can be jointly produced and shared without
interference with local authority. A hazard assessment framework based on
current knowledge, needs to be adopted and routine data should be produced to
provide a basis for wise regulation.




















try to arrive at a hazard assessment plan. Such disagreement has a place in
research where ideas must be tested and defended against peer review. Such


























 In order to move ahead on hazard assessment within the Great Lakes Water
Quality Agreement activities, those responsible for the framework will have to
accept incomplete knowledge and therefore deficiencies and errors. Any plan
will need revision periodically as better techniques are devised. However,
there is no reason to expect any quantum leaps in the field in the immediate
future and, therefore, no reason to delay adopting an approach for current
USE.
Cooperative efforts among the jursidictions involving pooling of resources
to generate data, use of a single data handling system, and common procedures
for risk assessment will reduce costs and permit more complete information to
be generally available in a shorter time. The Commission can play a vital
role by promoting and fostering this international effort in a way that cannot
be done by individual jurisdictions.





































































































































































































































































































































































































































































































































































































































































































































































































































































































cited by Swain(4) report PCB levels in human mother's milk of











































































because consumption is well




























separate from the question of whether the dose received is in fact harmful or
not.
It is separate because a sound argument can be made that small
10
 _—r
sub-populations within the Basin deserve the same degree of protection (or
margin of safety) as is given to the average citizen. The Commission could
play a more active role in assuring that everyone has sufficient information
i in an understandable form, to appreciate how his risk compares to that of the
average person.
The results of the Humphrey(2) study also suggest that there are
characteristics unique to the Great Lakes and associated socio-economic
features that result in a risk to the region's inhabitants different from that g
of the average citizen in either country. For example, the most desirable i
groups of edible fishes in the Great Lakes, especially the upper lakes and
Lake Michigan, are lake trout and salmon. These species also happen to be
high in fat, and therefore usually have higher residues than other less fatty
fish living in the same waters. In the case of sport fish consumption, in the
Great Lakes basin, this intake could prove to be much more significant than in
other geographic areas.
Another feature of the Great Lakes basin is the proximity of large
populations to productive fishing waters. A large number of fishermen may
catch and eat more sport fish than the average individual. Should current
efforts succeed in improving water quality, achieving higher fish populations,
and restoring the lakes to their original condition of large salmonid
 
populations, fish consumption Could be expected to increase for even larger
sub-populations within the basin. Unless residue levels in fish are reduced,
more people will receive a higher than average exposure to hazardous
substances.
The foregoing discussion raises a basic question for the Commission,
namely when should there be additional efforts to protect populations with
higher than average exposure? Some jurisdictions make a concerted effort to
ensure that sports fishermen are aware of the possible consequences of eating
sport fish, for example the Ontario Ministries of Natural Resources and the
Environment annually publish a "Guide to Eating Ontario Sport Fish". However,
these efforts are not widespread nor consistent throughout the basin. The
responsibility for protecting sub-populations at risk needs to be clearly
delineated.
 Another route for exposure to hazardous
substances
is drinking water taken
from the Great Lakes. Both the United States and Canada have given added
attention to this question
in recent years.
Most of the efforts have focused
on pesticides and organic compounds formed as a result of chlorination such as
1
chloroform and other haloforms, but the efforts have not been comprehensive
for all major chemical groups.
Ontario issued a report in April
1977(5) which provides data on haloform
concentrations in chlorinated drinking water taken from various sources,
including the Great Lakes.
Table 1 from the report shows that chlorinated
drinking water from the various Great Lakes contained about 40% of the
chloroform concentrations found
in finished water taken from rivers, but
had
about 200% of the concentrations in finished water from groundwater sources.
However, there was essentially no difference in the dichlorobromethane
concentration among drinking waters taken from the three souces.
Table 2 from
the same report shows that chlorinated drinking water obtained from Lake Erie
has distinctly higher concentrations of both chemicals than water from Lakes
Superior, Huron or Ontario.
TABLE 1
AVERAGE TOTAL HALOFORM CONCENTRATIONS



































      
* 2 locations in Sudbury
nd — not detected
Source:
"Organics in Ontario Drinking Waters.
Part II.
A Survey of Selected
Water Treatment Plants". Smillie, R.D. gt al.(5)
12
 TABLE 2
AVERAGE TOTAL HALOFORM CONCENTRATIONS
IN CHLORINATED DRINKING WATER FROM GREAT LAKES SOURCES






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































between persistence and toxicity.
Persistency,








































































setting priorities on hazardous substances





























surfaces such as vegetation.





















































































































































































 particles. In the lower lakes, where the TOC of suspended material is
generally greater than it is in the upper lakes, the particulate material is a
more significant transport mechanism. A given loading of a hazardous
substance per unit volume of water will distribute itself differently within
the lake compartments depending upon the TOC content of the suspended material.
The affinity of chemicals for the particles changes the biological
availability and therefore the biological effects. As an example, Ferguson et
al.(9) have shown that endrin sorbed onto particles is less toxic than endrin
in solution. In the Great Lakes where chemical/physical conditions can vary
due to phenomenon such as stratification and deoxygenation, substancesmay
desorb or be held less tightly and alter their biological and chemical
behavior. Through such mechanisms, sediments may become sources rather than
sinks for hazardous substances.
Whether suspended solids in water are beneficial or detrimental depends on
many conditions. The public generally prefers clear water of high
transparency. 0n the other hand, without suspended solids settling to the
bottom and carrying with themmany tons of sorbed substances, the water column
is likely to contain a much larger proportion of the total input of hazardous
substances, and these unsorbed substances are likely to cause more biological
harm.
The disposal of contaminated dredged material in the open waters of the
lakes may also be a significant source of hazardous substances. Once in the
lakes, the particles function in much the same manner as other particulates,
changing with time and conditions.
Solubility plays a major role in the sorbtion tendency. Substances, such
as sodium chloride, which are highly water soluble are poorly sorbed. PCBs or
DDT are very water insoluble and usually sorb readily. Solubility also plays
an important role in a different mechanism, i.e. the accumulation of
substances as residues in living tissue especially in lipid (fat). Some
chemicals are hundreds or thousands of times more soluble in lipids than in
water. In the case of a fish with high fat content the concentration of PCBs
17
  
 or DDT is strongly enhanced by the high fat solubility of these substances.
However, the concentrations of PCBs and DDT in a fish also depends on its food
habits, growth rate, and age. The increased concentration of chemicals in
fish over that of the water is called the bioconcentration factor. In a
mature lake trout or salmon this factor may reach a value as high as 1
million, i.e. the concentration of PCBs in fish may be 1 million times greater
than that of the water.
Sorption and solubility result in a behavioral pattern of hazardous
substance called compartmentalization. Compartmentalization refers to the
relative amounts of the substances occurring in various parts of the lake,
such as suspended solids, water, sediment, and aquatic organisms. Naturally,
the manner in which proportioning of the substances among these compartments
occurs, drastically changes the effects of a given loading. Water soluble
substances added to the lake, will occur principally in the water whilewater
insoluble substances will be principally in the suspended solids and
sediment. The total quantity in the aquatic organism compartment is likely to
be small because the biomass is far less than for sediment but the
concentration may be quite high compared to that in the water. However,
acceptable residue limits are expressed as tissue concentration and the impact
on a small compartment, the edible fishes, may be large. Therefore, the
distribution between compartments is very significant in determining the
impact of a given lake loading.
A knowledge of compartmentalization is essential in order to assess the
significance of a given loading on the lakes and their biota. Such knowledge
is equally important in devising surveillance programs. The monitoring
program currently being conducted on herring gulls is based on this
compartmentalization. The pattern of compartmentalization is not fixed but
changes as physical/chemical conditions change. It is necessary to know the
rate at which changes occur as well as the equilibrium conditions.
The degradation or alteration of hazardous substances after their entrance
into the lakes may also be significant. If hazardous substances are not
persistent, they leave via evaporation, or degradation. Degradation usually
18
 _________—T
proceeds to yield common substances such as carbon dioxide, water, and
nitrate. Often, however, the degradation sequence produces intermediate
substances, which, if the products are very toxic, may exist long enough to
cause harm. Chemical degradation is important, but microbial degradation is
frequently more significant for many organic compounds. The degradation
pathway needs to be established to determine the nature and effects of
intermediates.
Transformations of one substance to another have also been found to be
important in the lakes. Examples are conversion of inorganic mercury to
organic mercury compounds, heptachlor to heptachlor epoxide, and DDT to DDE,
which has a more significant effect than DDT on egg shell thinning in birds
exposed to it. In these examples, the transformation product is more toxic
than the original one. Although chemists can usually predictsuch
transformations, as in the case of methyl mercury, the role of microorganisms
must not be overlooked.
In determining ways and means of reducing the production of those
pollutants adversely affecting the aquatic ecosystem the "monitoring" function
will have to be extended to cover the generation, uses, transportation, and






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The estimate of atmospheric deposition of trace organic substances is
hampered by: 1) an inadequate data base on their atmospheric concentrations;
2) inadequate knowledge about the distribution between vapour and particulate
forms in the atmosphere; 3) a lack of understanding of the dry deposition
process on a water surface; 4) inadequate micro— and macro- meteorological
information over the lakes during dry and wet deposition; 5) a lack of
appreciation for the episodic nature of atmospheric deposition of trace
organic materials on water; and 6) an inadequate understanding of the temporal
and spatial variations in atmospheric concentrations and deposition. It is
possible, however, to use approximations of wet and dry deposition to estimate
total deposition.
The range of concentrations of trace organic substances found in air and
precipitation is reported in Appendix A. For each substance, one value was
chosen as the best present estimate of median concentration for atmospheric
deposition to the Great Lakes. Wet fluxes of airborne trace substances were
also calculated for the Great Lakes basin, assuming a fixed concentration for
each substance and an annual precipitation of 80 cm/yr.
The critical parameter in estimating dry deposition is the deposition
velocity. In general, submicron particles exhibit deposition velocities of
0.1 to 0.6 cm/sec, therefore, a value of 0.3 cm/sec was selected for these
calculations. The estimated dry fluxes were multiplied by the surface area of
each lake to give total dry deposition, which is summed with wet deposition to
give the estimates of total deposition shown in Table 3. These estimates are
based on the small data base available, and are probably accurate to within a
factor of 2 to 10.
The available data suggest that dry deposition of trace organic substances
 
is significantly greater than their wet deposition. Table 3 also suggests
that total deposition to each lake is proportional to that lake's surface
area. The upper Lakes Superior, Huron, and Michigan consequently receive more





 TOTAL DEPOSITION OF AIRBORNE TRACE ORGANIC SUBSTANCES
TABLE 3
TO THE GREAT LAKES
(metric tons per year)
  
SUBSTANCE LAKE
Superior Michigan Huron Erie Ontario
TOTAL PCB 9.8 6.9 7.2 3.1 2.3
TOTAL DDT .58 .40 .43 .19 .14
a-BHC 3.3 2.3 2.4 1.1 .77
y-BHC 15.9 11.2 11.6 5.0 3.7
DIELDRIN .54 .38 .55 .17 .13
HCB 1.7 1.2 1.2 .53 .39
p,p'-METHOXYCHLOR 8.3 5.9 6.1 .6 1.
a-ENDOSULFAN 7.9 5.6 5.8 .5 1.















































Source: Appendix A - "Assessment of Organic Airborne Organic Contaminants in the
Great Lakes Ecosystem" - S.J. Eisenreich, B.B. Looney, and J.D. Thornton.
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PCBs and DDT which are no longer being used is cause for concern and supports
the need for increased monitoring. For example, it is estimated that only
about 30% of the approximately 585,000 metric tons of PCBs produced or
imported in North America between 1930 and 1975 have been destroyed or
released to the environment (Appendix A). The remaining 60% is still in use
or storage and will eventually require effective disposal or it will be
released to the environment.
Inorganic Substances
 
Although the estimates of atmospheric deposition of some inorganic
substances fall into rather narrow bands, the range for others is broad,
extending over one order of magnitude (Appendix B). In particular, reported
values for atmospheric loading of cadmium, calcium, copper, iron, and sulfate
appear to be inconsistent. The lack of better agreement among the values may
have several causes. Iron and calcium may be soil-derived. Thus, variation
in their loading may be seasonal and related to soil characteristics and land
use practice. Variation in sulfate loading is a consequence of long range
transport patterns associated with acid deposition.
Table 4 provides preliminary loading estimates for the major trace metals
as derived from the literature. Estimates of loadings of nutrients and some
other major elements are also provided in Appendix B. Unlike the organic
materials, the nutrient and major element loadings are generally elevated in
the lower lakes as compared to the upper lakes, suggesting that location might
be more important than surface area, or that nutrients and major elements are
less volatile or ubiquitous than the trace organic substances. Tracemetals
data, on the other hand, do not display any geographical distribution on a
lake by lake basis. This lack of obvious gradients may be due to sampling and
analytical differences.
In view of the limited urban and industrial development in the upper lakes
basin, the atmospheric inputs of toxic metals such as zinc and lead, noted in



































































































































































































































































































































































































































































































































































































































































substances referred to as "consent decree priority pollutants" or simply
"priority pollutants".
In order to develop regulations to control these toxic substances and set
effluent limits under the National Pollutant Discharge Elimination System
(NPDES), the U.S. EPA's Effluent Guidelines Division undertook a comprehensive
program to accumulate and summarize data on the occurrence of priority
pollutants in industrial waste discharges. The voluminous and diverse
occurrence and treatability data have been assembled into a comprehensive
Treatability Manual(12) by EPA's Office of Research and Development. The
manual is to be used in developing NPDES permit limitations for facilities
which, at the time of permit issuance, were not covered by industry-specific
effluent guidelines authorized under theClean Water Act.
Initial screening surveys have been completed for 21 classes of
industries. The quality of these data varies. The initial screening data
gathered prior to August 1979 is not supported by quality assurance. The
verification data (post August 1979) is supported by quality control, such as
that described by Kleopfer gt_al.(l4). As a result, the overall quality of
the data base has not been fully defined and is not uniform. Since the data I
were developed by standard inorganic and gas chromatography/mass spectroscopy f
procedures(15), the identification of the specific chemicals should be E
reasonably definitive, but the quantitative data are uncertain.
In Canada, the Environmental Protection Service of the Department of the
Environment is preparing dossiers on a variety of industries producing or
using hazardous substances. Concurrently, field studies by both the Ontario


























in progress. Hazardous substances source identification is the major
objective of these studies being conducted at chemical and petrochemical
plants in Cornwall, Sarnia, and Elmira and Algoma Steel in Sault Ste. Marie,
Ontario.
Generalized data on the occurrence of various hazardous substances in the
industrial waste effluents and a knowledge of the amount of wastewater
discharged by specific industrial groups in the Great Lakes basin will permit
27
























































































































































































































































































































































































































































































































































































































































































































































































































































Lake Loadin L (t/yr)
 
















Timber products processing BDLb 7 1d 0 0 0 0 0
Petroleum refining <1 20 <2d 0.002 0.4 0.09 0.5 0.3









































10 840 120 0 0.4 8.2 7.9 0.4



































             
        
aInformation on concentration was obtained from Volume I of the U.S. EPA "Treatability Manual"(12): Data are incOmplete
bNA — not available; ND - not detected; BDL - below detection limit.
CLake loadings determined by multiplying mean pollutant concentration by industry wastewater discharges as
reported in the "Inventory of Major Municipal and Industrial Point Source Dischargers in the Great Lakes Basin"(13)
dMedian, not average.
_ Wv~..,1r~wsm~ ntrmiwﬁzm-‘JENU .aYc —
 TABLE
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aInformation on concentration was obtained from Volume I of the U.S. EPA "Treatability Manual"(12).
bNA - not available; ND - not detected; BDL - below detection limit.
CLake loadings determined by multiplying mean pollutant concentration by industry wastewater discharges
as reported in "Inventory of Major Municipal
and Industrial
Point Source Discharges
in the Great Lakes Basin"(l3)
where mean
is not available,
one-half the reported maximum was utilized.
dAnalytical




































































































































































































































































































































































































































































































































































































































































































































































































































ORDER OF MAGNITUDE 0F POLLUTANT CONCENTRATIONS IN MUNICIPAL











"Presence of Priority Organics in Sewage and their Removai in
Sewage Treatment Piants."
F. Dewaile and E. Chian(17)
ANNUAL POLLUTANT LOADS FROM MUNICIPAL POINT SOURCES
FOR VARIOUS EFFLUENT CONCENTRATIONS
TABLE 8
(metric tons per year)
LAKE BASIN POLLUTANT CONCENTRATIONS (HQ/L)
0.1 1 5 10 ’15 20
Superior 0.009 0.09 0.4 0.9 1.3 1.8
Michigan 0.1 1.1 5.7 11.4 17.2 22.9
Huron 0.03 0.3 1.3 2.7 4.0 5.3
Erie 0.3 2.5 12.7 25.4 38.0 50.7
Ontario 0.2 1.6 8.1 16.3 24.4 32.5
      
Based on flow from municipai discharges as reported in "Inventory of Major
Municipai and Industria] Point Source Discharges in the Great Lakes Basin"
(13).
32
 URBAN AND RURAL RUNOFF
 








































allow a comparison of the metals in combined sewer overflows and urban runoff
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































less settling occurs and a greater proportion of the input is available to
harm a larger number of aquatic biota.
It should be emphasized that estimates of hazardous substances loadings
using general or national data bases and extrapolating to the Great Lakes
basin are at best only first approximations. They can indicate the need and
direction for specific monitoring to confirm loadings to provide a basis for
regulatory or control programs.
TABLE 9
PRELIMINARY ESTIMATES OF CADMIUM LOADINGS TO THE GREAT LAKES




Superior 82 0.4 8.1
Michigan 58 5.7 870
Huron 60 1.3 115






   
* Data are incomplete
TABLE 10
PRELIMINARY ESTIMATES OF BENZO(a)ANTHRACENE
LOADINGS TO THE GREAT LAKES













































   
ND - Not Detected
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 VI Control Alternatives
Control alternatives can be grouped into five major options: wise use,
reuse, bans, treatment technology, and use of assimilative capacity. Too
frequently, regulatory approaches are limited to treatment technology, perhaps
because historically pollution abatement began with the successful development
and use of domestic sewage treatment plants. These were good solutions in
part because the pollutants in the water to be treated were largely degradable
and the end products were ordinary innocuous compounds. Treatment technology
applied to today's mix of complex chemicals, especially those that are not
readily degradable, is accompanied by a set of new problems.
WISE USE, REUSE, AND BANS
More can be done to reduce the amounts of potentially hazardous substances
disbursed throughout the ecosystem by the application of wise-use strategies.
Some of our problems, such as those of DDT and other persistent pesticides,
have been exacerbated by excessive use. In the early days of these
chlorinated hydrocarbon pesticides, applications to cropland were not
restricted to the minimum quantity necessary. As a result problems arose.
More emphasis on wise use will benefit society in many ways; from cost
reduction to resource saving and less environmental contamination. The
institutional/legal mechanisms for implementing wise-use practices are less
well understood and practiced than those for treatment requirements.



















society. Products will be reused when it is financially advantageous to do
so. Much remains to be done to increase the awareness of such advantages and
to hasten reuse. Industries, like agencies, are compartmentalized and may
lack the internal coordination necessary to take advantage of reuse options.
The Commission might perform a vital role by pointing out the benefits of
reuse. Certainly the energy saving alone would warrant such an effort.
37
 Bans that prohibit the utilization of certain chemicals have been used.
These bans are limited to those problems where substitutes are available,
where


















































































































can develop a significant local concentration of polycyclic (polynuclear)
aromatic hydrocarbons (PAHs). Since numerous fires in these categories are
started by man, some of them intentionally, the current educational programs
are especially important.
Many industrial processes and some paints use organic solvents as
carriers.
These solvents subsequently evaporate and are generally lost to the
atmosphere.
Process changes and/or materials changes offer diverse control
options for abating air pollution.














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 phoretic effects - electrophoresis, diffusiophoresis and thermophoresis - that
the development of scrubber technologies has the most promise.
The organic mists and particulates are mostly produced by the condensation
of vapours; therefore, they have small diameters, less than a micrometre. The
efficiency of scrubbers which historically have been dependent on impaction of
the particulate on surfaces or droplets of water, is generally low for
particles of less than a micrometre in diameter. The cost of collecting
particles of less than three micrometres also increases dramatically since
impaction efficiency is related to gas and liquid relative velocities and
hence to the energy input.
Since the major portion of industrial emissions are from petroleum
refining and processing and the combustion of fuels and industrial wastes, the
effects of process changes have not been great. These industries have always
sought to contain raw materials and products and to utilize raw materials.
Thus, the largest gains have been in the reduction of handling losses.
Fine particles have a greater surface to volume ratio than large
particles. This property enhances the tendency of volatiles to condense on
small particles in flue gases. Substances such as the PAHs which are produced
during fossil fuel combustion, have been shown to predominate in fine
particles in ambient air. Other potentially hazardous substances behave
similarly with respect to concentration on the surface of fine particles.
Organic matter adsorbed on or occluded within airborne particulate matter
will also be transported and transformed in an air mass. Larger particles are
removed by control equipment, rapidly settled from the atmosphere, and more
readily removed by the nasal hair and mucous membranes of the human protective
system. Furthermore, even when they do reach the lung, they are less inclined
to enter the airways and are more frequently expelled. Very fine particles
(those having a mean aerodynamic diameter less than one micrometre) carry a
greater proportion by weight of condensed organics.
They can stay suspended
in the atmosphere for many days, leading to a large potential exposure.











































































































































































































Most wastewater treatment technologies depend on either microbial
degradation or physical removal, often with chemical combination to enhance
removal.
Bacteria are remarkable organisms, capable of evolving to degrade
many chemical structures. Many industrial chemicals are not readily
metabolized by bacteria and therefore not well taken care of in biological
treatment. Recent examples are PCBs, dieldrin and DDT. An important
distinction is the differences between removal and treatment or degradation.
Substantial removal for such chemicals as DDT are achieved in biological
  
   
  





























































































































































































Preliminary data suggest that conventional processes effectively remove many
trace organic substances and heavy metals.
A demonstration project involving the wet oxidation process for the
destruction of complex hazardous substances at a chemical manufacturing plant
in Ontario has received approval. The objective is to evaluate the
effectiveness of the process as a pretreatment step to conventional treatment.
Pilot scale process development studies involving fixed film and suspended
growth systems for the treatment of coking plant effluents are in progress at
Environment Canada's Wastewater Technology Center in Burlington.
A wide range of treatment processes or systems is available for industrial
wastewater treatment. The ability to remove hazardous substances by means of
these systems have been extensively summarized in the Treatability
Manual(12). The more impOrtant treatment processes or systems in the manual
include: gravity oil separation, clarification/sedimentation,gas flotation,
filtration and ultra-filtration, activated sludge, trickling filters,
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activated carbon adsorption, stripping (air and steam), chemical oxidation,
reverse osmosis, disinfection (chlorination), and anaerobic treatment.
The
removability data available in the Treatability Manual
should provide a
satisfactory means for selecting treatment systems to control hazardous
substances discharges in specific industrial wastewaters.
If hazardous pollutants are concentrated in chemical or biological
sludges, disposal requires careful attention.
Special precautions in land
fills are required to prevent the escape into groundwater or surface water.
Atmospheric loss from such disposal sites may result in atmospheric transport
to the lakes. Other treatment technologies such as land application need to
prevent the entry of industrial chemicals into the ground or surface water.
More information on removal versus degradation is needed in such systems.
USE OF ASSIMILATIVE CAPACITY
 
The ability of water bodies such as the Great Lakes to dilute or degrade
wastes is referred to as their assimilative capacity. Since the late 1960's,
the use of assimilative capacity has been abhorred. This feeling developed
because the ability to accept waste had been so abused, that abstinence seemed
the only recourse. In practice, nearly all pollution abatement programs in
both countries recognize and permit less than 100% removal of pollutants.
Such permissiveness acknowledges the use of assimilative capaCity to dispose
of wastes not removed by treatment. \
Large lakes, such as the Great Lakes, develop concentrations of discharged
pollutants slowly and lose them slowly if the pollutants are persistent.
Uncertainties about the impact of various concentrations make it difficult to
select a safe concentration. Because of the lag time in larger systems and
the magnitude of impact if an error is made, the policy of not using
assimilative capacity has prevailed. The hazard is less if pollutants are not
persistent.
From the point of view of a larger ecosystem, the use of assimilative
capacity is sometimes wise. As treatment removal efficiency approaches 100%,
the resource consumption in the form of chemicals, concrete, steel and energy
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 increases dramatically. In some technologies, the amount of chemical residue
resulting from treatment exceeds the amount of pollutant being removed. What
is not often recognized is that the damage to the environment might only be
shifted from the Great Lakes in this case to another site - — where the coal
is mined, the chemicals are manufactured, or the sludge is dumped. When the
benefit to the lakes expected from the application of treatment technology is
less than the harm it may produce in other parts of the ecosystem, the
assimilative capacity with an appropriate safety factor, should be used.
Societal decisions must be made to protect one part of the ecosystem to the
detriment of another, or forfeit the_benefits of the waste generating
commodity, or seek an alternative means of production which are less harmful
to the environment.
There is no current framework for such ecosystem decision making, nor is
the need even recognized by many regulators. Bureaucratic compartment-
alization strongly impedes such decision making, and often the necessary
authority is not vested in the right place or does not exist at all. For the
public to understand the gamut of issues upon which decisions are based, would
require an awesome educational effort. The difficulty of reaching such
decisions does not negate the truth of the ecosystem approach nor the
consequences of a wrong decision!
SOCIETAL BASIS FOR CONTROL ALTERNATIVES
Both the 1978 Great Lakes Water Quality Agreement and the U.S. Toxic
Substances Control Act state that some substances are so dangerous to the
ecosystem that their production and use should be banned. Other substances
are to be managed from "cradle to grave" under programs such as the Resource
Conservation and Recovery Act (RCRA) in such a manner as to keep them out of
the air, water, and soil.A A management option for many hazardous substances
is to reduce the amount or the variety produced. Process changes or other
options for the reduction of volume at the production source have been used in
Japan and to a lesser extent in the United States and Canada. Waste exchange
or the reuse of waste products in other processes are beginning to be more
widely used. The wise-use option can be interpreted to mean implementation of
strategies which require education and training. It includes options which
44
 depend either upon proving that a hazardous substance is essential
for
achieving social goals or protecting human health.
Each control alternative implies a distribution of burden among parts of
the consuming and taxpaying public. It is easy to support management control
actions if the consequences of them are undertaken by others.
Effective
public choice requires understanding the distribution of associated costs.
Both the United States and Canada have recognized the need to protect all
ecosystems from intrusion by hazardous chemicals. The development of rules,
regulations, and codes of practice under the Toxic Substances Control Act and
the Environmental Contaminants Act has begun. The responsibility still exists
to establish priorities for hazardous substances control and management and to
use scarce public dollars wisely. Priorities must be set for the particular
substances to be controlled and perhaps on areas where net benefit of control
will be the greatest. The 1978 Great Lakes Water Quality Agreement set a
priority to protect the unique freshwater resources of the Great Lakes with
respect to hazardous substances. There are means - the use of regulatory
structures, planning, and environmental impact assessment — through which the
site specific impacts of hazardous substances or wastes can be determined at
least for the near term.
No control strategy is capable of solving all problems. Present social
policy states that the "bad actor" substances must be identified and kept out
of the ecosystem. Sophisticated hardware and technology will not solve all
the problems. Other management options shou d be nsidered and used and the
political will to make decisions benefitti ations must be
strengthened.
   
The judgement of an acceptably safe concentration of a hazardous substance
is frequently cast as scientific but is, in fact, more societal. The
questions are then who decides for whom, and how well informed are those
affected by the choices. Most people seem to tolerate more personal risk in
their daily lives if they choose the risks. 0n the other hand, people oppose
risks which are placed on them indiscriminately by others. This working





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































they may claim confidentiality.
Whether a given company discharges
its wastewater to a municipal
sewer
system or directly into a watercourse may alter the location of its effects.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































THE INTERNATIONAL JOINT COMMISSION SHOULD URGE THAT
JURISDICTIONS INSTITUTE PROGRAMS T0 QUANTIFY THE
ATMOSPHERIC
IOADINGS OF HAZARDOUS SUBSTANCES
TO THE
GREAT LAKES.
Atmospheric transport to the Great Lakes
is an important source for some
metals and organic chemicals. Data are inadequate to identify all chemicals
for which atmospheric loading
is important.
In 1977 the Science Advisory
Board recommended to the Commission that loading data for each lake be
developed and that exchange among air, water, sediment, and biota be
determined.
In its 1976 Annual Report the Water Quality Board recommended
that all jurisdictions establish close coordination between air, water, and
solid waste programs to assess the total input of chemicals. The atmospheric
inputs are still largely unknown, but such data are essential to meet the
goals of the 1978 Great Lakes Water Quality Agreement. Much binational
attention is being given to "acid rain", but insufficient attention is being
given to other atmospheric pollutants that may have‘significant impact. More
vigorous pressure from the Commission is needed to accelerate the collection
of surveillance data required to identify the most important problems.
II THE COMMISSION SHOULD URGE JURISDICTIONS TO RECOVER
HAZARDOUS SUBSTANCES FOR REUSE AND EMPLOY TREATMENT
TECHVOLOGIES THAT DESTROY, RATHER THAN MERELY REMOVE,
CONTAMINANTS FROM WASTE DISCHARGES.
Treatment of water and air discharges does not ensure that substances of
concern will not harm the ecosystem, unless they are destroyed during





being removed are concentrated
in sludges which then may be disposed of as
solid waste.
The Water Quality Board in its 1978 Annual Report advised the
Commission that waste treatment techniques which
destroy chemicals rather
than concentrate them in sludges will
substantially reduce solid waste
generation.
Similarly, treatment technologies which do not produce
large
volumes of chemical
sludge are highly desirable.
Some substances such as
heavy metals will remain
intact and should be reused
if possible,
but will
usually require careful disposal probably as solid waste.
Every effort should
be made to keep such substances to a minimum in all discharges.
III
THE COMMISSION SHOULD ENCOURAGE DISCHARGERS T0 SEEK WAYS






























lessen the amount of treatment needed, society will benefit.
Although
preventing hazardous substances from occurring


























































































































































































































































































































do not currently exist.
Through a binational effort and pooling of agency
resources, interim levels could be established and used for regulatory
actions.
These actions would provide a basis to judge the importance of
residues found in fish used for food and would aid in establishing estimated
risks to residents of the basin.
Both the Water Quality Board and the Science
Advisory Board in previous reports, have emphasized the need for knowing the
significance of chemical residues on human health. \Resources to accomplish
this goal have not been forthcoming. An alternative is to use existing data
and expertise to make best judgements of acceptable intakes. The Commission
should urge that a sound regulatory basis be developed that will enable













ESTABLISH PROGRAMS TO DEVELOP ROUTINE FATE
AND EFFECTS



































































































































































THE COMMISSION SHOULD CENTRALIZE AN
INFORMATION SYSTEM TO



































basis for its control
actions.
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Under the 1978 Great Lakes Water Quality Agreement, the Science Advisory
Board is a scientific advisor to the International Joint Commission and the
Commission's Great Lakes Water Quality Board. The Science Advisory Board is
responsible for developing recommendations on research and developing
statements on the state of scientific knowledge pertinent to the
identification, evaluation, and resolution of current and anticipated water
quality problems in the Great Lakes.
To meet its responsibility as the scientific advisor to the Commission and
the Water Quality Board, the Board draws upon the knowledge of its members who
are experts in scientific, engineering, and societal fields within
governmental, industrial, university, and private sectors. Further, the Board
appoints committees and task forces, from time to time, and holds workshops
and conferences to assist in developing information and to provide scientific
advice.
This year the Board concentrated on an assessment of the problem of
hazardous substances in the Great Lakes basin ecosystem. The committees have




















this past year which address other issues of importance to restoring and
enhancing Great Lakes water quality. \
COMMITTEES































































































































































































































































































































































































































to a Commission request for an assessment of the contribution of Tow
temperature incineration of waste to water quaTity impairment in the Great
Lakes.








































from nucTear fueTs, petroTeum, coaT, and synthetic fueTs.
Expert Committee on EcoTogicaT and GeochemicaT Aspects of Great Lakes
Water QuaTity
This Committee's responsibiTity incTudes issues reTating to ecoTogicaT and






























































































































































The Expert Committee held a workshop on anticipatory planning in early
March 1979. Proceedings of the workshop, Anticipatory Planning for the Great
Lakes Volume I, Summary, 1979, and Workshop Report Anticipatony Planning for
the Great Lakes, Volume II, 1980, have been published and distributed to the
Boards and the Commission.
They provide a broad perspective on Great Lakes
problems not being adequately addressed and problems likely to emerge within
the next five to ten years.
The committee is continuing to explore means whereby it can assist the














































































































































































































































































































































































































































































































































































































































































































































assessment of health risks posed by contaminants in the Great Lakes;
-
review of action levels and guidelines for selected substances;
- interpretation and consultation on health matters; and
— maintaining an awareness of current advances in knowledge regarding
health effects of water constituents.
The major activities undertaken by this committee in the past year include
the health hazard evaluation of the chemicals identified in the Great Lakes























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 The task force is continuing its work with an assessment of inorganic
detergent builders which are currently used or proposed for use.
Health Effects of Non-NTA Detergent Builders
The task force was formed in 1977 to evaluate the potential health effects
of detergent builders other than NTA. The task force has studied carbonates,
carboxymethyloxysuccinate (CMOS), carboxymethyltartronate (CMT), citrates,
phosphates, soluble silicates, and Type A Zeolite (a synthetic
aluminosilicate). The report on these detergent builders was submitted to the
Board in September 1980.
Phosphorus Management Strategies
Upon the recommendation of the Board's Expert Committee on Engineering and
Technological Aspects, a task force on phosphorus management strategies was
formed and subsequently expanded to a joint task force of the Science Advisory
and Water Quality Boards.






























































































































































































































































































































































































































































































































































































































































































































































































































































Protection Agency, Cincinnati, Ohio.
These reports are bound in a separate voTume and‘copies are avaiTabTe from
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